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ABSTRACT 
Daylighting has yet to be fully utilised in the office interiors even though 
Malaysia has abundant natural light throughout the year and highly dependent on 
artificial lighting. However, there is always fluctuation of illuminance in office 
spaces and this can cause problems to occupants which affect visual and work 
performance. The aim of this study is to investigate fluctuation in daylight 
illuminance that affects visual comfort and visual performance. This study also 
investigates the effects of occupant density in office space in a typical layout of 
office building. In the first phase of the study, a visual test has been conducted 
involving seventy two office workers and assessment using a questionnaires survey 
on one hundred and eighty one office workers. Experiment through visual test was 
conducted in the office space which involved groups of occupants in office 
buildings. Furthermore, four groups of office workers numbering five, ten, fifteen 
and twenty per group were subsequently assigned to the office to detect fluctuations 
by computer simulation using IES<VE> Software. The result of the experiment 
evidenced that the level of illuminance in the office was 300 lux to 400 lux while 
preferred illuminance level was 280 lux to 350 lux. However, the occupants 
performed their tasks well in higher illumination range of 400 lux to 600 lux. 
Findings from experiment of visual performance and daylighting simulation showed 
there was fluctuation influenced by the number of occupants. When occupancy was 
less than 50%, the fluctuation was acceptable for visual comfort. However, when the 
occupancy was more than 50%, it would lead to higher fluctuation and the 
illumination level of recommended standard (300 lux to 400 lux) was not achievable. 
The findings contribute towards the improvement of an acceptable visual comfort 
ranges for Malaysian Standard of lighting condition and assist architects and 
designers to have better understanding in quality and quantity of daylighting and 
strategies on energy saving. 
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ABSTRAK 
 Pencahayaan siang masih belum dimanfaatkan sepenuhnya di dalam ruang 
pejabat walaupun Malaysia mempunyai pencahayaan yang berlebihan sepanjang 
tahun dan amat bergantung kepada pencahayaan tiruan. Namun, sering terdapat 
iluminasi pencahayaan yang berubah-ubah di dalam ruang pejabat dan 
menimbulkan masalah kepada penghuni kerana mempengaruhi prestasi visual dan 
kerja. Tujuan kajian ini adalah untuk mengkaji keadaan berubah-ubah iluminasi 
pencahayaan siang yang memberi kesan kepada keselesaan serta prestasi visual. 
Kajian ini juga mengkaji kesan kepadatan penghuni pejabat di dalam ruang kerja 
terhadap susunatur piawai bangunan pejabat. Pada tahap pertama kajian, melalui 
ujian visual yang dijalankan melibatkan tujuh puluh dua orang pekerja pejabat dan 
penilaian menggunakan kajian selidik dari seratus lapan puluh satu pekerja pejabat. 
Kajian eksperimen melalui ujian visual di ruang pejabat melibatkan kumpulan 
penghuni telah dijalankan di bangunan pejabat. Tambahan pula, empat kumpulan 
pekerja pejabat yang berjumlah lima, sepuluh, lima belas dan dua puluh 
kemudiannya dimasukkan ke dalam pejabat untuk mengesan keadaan berubah-ubah 
oleh simulasi komputer dengan menggunakan Perisian IES <VE>. Keputusan 
daripada kajian lapangan kaji selidik membuktikan bahawa tahap iluminasi di 
dalam pejabat yang diperolehi dalam keadaan sedia ada adalah 300 lux hingga 400 
lux sementara tahap iluminasi yang dikehendaki adalah 280 lux hingga 350 lux. 
Walaubagaimana pun, pencapaian penghuni adalah lebih baik dalam tugasan pada 
tahap iluminasi yang lebih tinggi iaitu 400 lux hingga 600 lux. Penemuan daripada 
eksperimen pencapaian visual dan simulasi pencahayaan semulajadi menunjukkan 
terdapat keadaan iluminasi yang berubah-ubah dipengaruhi oleh pertambahan 
bilangan orang di dalam pejabat. Impak daripada penghunian yang berkurangan 
dari 50% menunjukkan tahap keadaan yang berubah-ubah masih boleh diterima 
untuk keselesaan visual. Apabila penghunian yang melebihi 50% akan 
menyebabkan pertambahan keadaan yang berubah-ubah lebih tinggi dan tidak 
mencapai tahap iluminasi piawaian iaitu (300 lux hingga 400 lux). Penemuan ini 
menyumbang ke arah penambahbaikan julat keselesaan visual yang boleh diterima 
untuk keadaan pencahayaan dalam Piawaian Malaysia dan membantu para arkitek 
dan pereka untuk pemahaman yang lebih baik dalam kualiti dan kuantiti 
pencahayaan siang serta strategi penjimatan penggunaan tenaga. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Sustainable development strategies are an essential part of preserving the 
natural environment, and need to be incorporated in standard or recommended forms 
in order to achieve a balanced impact on the environment. The growth in awareness 
of sustainable energy consumption and its impacts in Malaysia have been reviewed 
to demonstrate energy efficient strategies. Starting with demand and the energy crisis 
of the 1990s, the application of energy efficiency focuses on energy consumption, 
especially in office buildings. Investigations from Kannan  (1999) found offices and 
shopping complexes used more than 90% of total energy for lighting and air 
conditioning, while residences used less. A study from Zain Ahmed et al. (2008) 
found that overall energy consumption for Malaysia was 269 kWh/m
2
/yr. This shows 
that energy consumption in Malaysia, especially in office buildings, has increased 
over the years. The standard in Malaysia, named as Malaysia Standard 1525:2014, 
was renewed to incorporate improvements for achieving sustainability in all 
buildings. Studies from local researchers, institutes and higher learning institutions 
on lighting efficiency are rising in order to fulfill the National Goal of Malaysia’s 
10
th
 plan - 12
th
 plan. The purpose is to encourage new buildings to be built with 
energy-efficient strategies without compromising human comfort. The current 
2 
 
Malaysian Standards and recommendations on lighting levels are regarded as an 
effective method of saving electricity and reducing energy consumption in office 
buildings. There is a need to clearly define these terms, particularly with regard to 
the effects of acceptable lighting conditions on occupants’ visual comfort and 
performance in daylit office buildings. Awareness of the importance of indoor 
lighting research in office environments needs to be emphasized. 
 
Aries et al. (2010) stressed the importance of lighting quality in indoor 
spaces, and examined how office lighting is influenced by architecture, which can be 
traced to studies by Chung et al. (2000) and Veitch et al. (1998) on light, the 
psychological effects thereof, and how it can affect work quality, levels of comfort, 
and satisfaction of office workers. Several studies have proved that demand for 
natural lighting is increasing when it affects human performance and comfort in 
indoor spaces (Heschong et al., 2003). Based on the International Energy Agency 
(IEA) Solar and Heating Cooling Program, Task 31; Daylighting Building in the 21
st
 
century, the building research community must understand the present occupant’s 
needs and preferences in daylit spaces, and has an agenda to recognize user 
perspectives and requirements. 
 
Nowadays, many office buildings in Malaysia have taken on a more 
cosmopolitan feel, with high-rise blocks constructed close to each other. They have 
adapted the sustainable approach in designing buildings, but the application of 
energy-efficient buildings and occupants’ visual comfort still need to be clearly 
addressed. Many researchers have studied adjusting lighting conditions in offices to 
reflect occupants’ requirements, since people spend most of their working time in 
office buildings (Aries et al., 2010; Schweitzer et al., 2007; Boyce et al., 2003; 
Leech et al., 2002). In Malaysia, efforts from local researchers have provided 
strategies to increase the availability of daylight and maximize the benefits of natural 
lighting in indoor areas, (Zain-Ahmed  et al., 2002; Ossen et al., 2005; Loutzenhiser 
et al., 2007). However, estimates of the preferred levels and occupants’ satisfaction 
of lighting quality need to be standardized in order to tally with the standards and 
recommendations in Malaysia. According to Kandar  et al. (2011) office buildings in 
Malaysia must not only comply with the Malaysia Standard 1525, but must also 
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search for solutions to improve lighting recommendations based on climate factors 
and office space requirements. 
 
Previous designers have tended to neglect or overestimate the proportion of 
daylight and daylight availability in working areas, which is influenced by window 
size, people’s preferences, and satisfaction. Recommended settings of lighting have  
not yet reached the needed levels for occupants. A range of illuminance levels is 
necessary for occupants to enhance visual performance. Efficient lighting is 
important, and under such lighting environments, especially in indoor spaces, 
adequate illuminance levels are needed. However, lighting conditions for offices 
during preliminary design and in post-occupancy evaluations reveal different levels. 
This scenario is only realized when the occupant feels visual discomfort, and more 
retrofitting work is needed for a more sustainable working environment. This is also 
due to daylight fluctuation in office buildings, which can cause unconscious visual 
discomfort due to absorption of lighting in components, which is transmitted to the 
interior surface.  
 
This study identifies current office buildings in Malaysia with the integration 
of occupant density and daylighting performance, which both affect visual comfort. 
The research will begin with an investigation of current condition in daylighting and 
illuminance in offices where changes in daylight illuminance levels in a room affect 
visual comfort and performance. To accomplish the objective as specified above, the 
study will be conducted using four techniques: surveys, field measurements, visual 
test performance, and computer simulation. The findings of the study will be inserted 
in the lighting requirement, which can also be regarded as part of the criteria in the 
recommendation of lighting levels in Malaysia. 
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1.2 Problem Statement  
 
 
Various sources on lighting conditions have been taken into consideration 
when developing current office buildings, by applying the Malaysian Standards and 
Recommendations on Lighting Levels. Even though several researchers have found 
that there is efficient tropical daylight in offices in Malaysia (Mohd Hamdan, 1996; 
Kandar et al., 2011), daylighting designs are still not effective for occupants when 
global illuminance, being from a tropical sky, changes rapidly and results in 
unpredictable levels of indoor daylight (Ossen et al., 2005; Lim et al., 2012). Most of 
the research has concentrated on external solar shading and fenestration design (Lim 
et al., 2010; Mansour et al., 2006; Ossen, D.R. et al., 2005), and the study to 
illuminate the internal spaces for visual comfort in Malaysia had also conducted 
based on the parameters shading devices, floor depth, ceiling height, opening ratio, 
glass transmittance and material reflectance (Sadin et al., 2014). Therefore, 
occupants’ visual comfort parameter still lacked in the investigation (Kim and Kim, 
2007) and various studies on systems has been introduced to decreased daylight 
penetration and adding additional light absorption (Fontoynont, 2014). This means 
that a simple system is more needed in most buildings to maximize daylight and 
provide an external view.  
 
Studies carried out on a number of existing office buildings in Malaysia 
found that the existing daylighting condition in office building did not comply with 
Malaysian Standards 1525; 2014 (Lim et al,. 2012). The recommended illuminance 
level is still referring to 300-400 lux for office building, and this only concentrates on 
artificial illuminance levels to provide maximum energy consumption. The focus on 
illuminance level need to be further explored as this will contribute the office 
workers’ productivity. Recently, solutions have been sought to satisfy the needs of 
occupants and contribute to energy saving by considering the illuminance of the 
working plane, windows, and automatically control systems using sensors. However, 
no study has yet been published focusing on the illuminance changes which affect 
the preferred illuminance level and acceptable level by occupants due to fluctuation 
illuminance in Malaysia. 
 
5 
 
When most of the office buildings especially government office buildings 
were found over illuminate or lack of illumination, it shows the designer should 
identify the significant parameter in lighting design during schematic layout till 
occupancy. This consideration and awareness can meet the acceptable illuminance 
level for occupants during performing the task less work for retrofitting such as de-
lamping artificial lighting. Therefore, complaint by occupants on lighting distraction 
and too bright the illuminance level shows fluctuation of illuminance level occur 
frequently in indoor spaces. In addition, these may reduce visual comfort and 
performance. Furthermore, the fluctuation of daylight illuminance level which affects 
the acceptable indoor daylighting level is not highlighted in any visual comfort issue 
where it significantly changes the quantity of daylight levels. This unpredictable 
change in illuminance level happens more severely when the room is fully occupied, 
and it is also reported that dimming control systems may be affected due to this 
condition. Clarification is needed on whether lighting guidelines over or 
underestimate the preferred amount of light. Factors that influence illuminance 
changes in offices are not identified during the measurement of quantity of 
illuminance level. The occupants are not aware of the illuminance change, and this 
illuminance variation may contribute to visual discomfort and visual annoyance. (Lee 
et al., 2013). 
 
Based on the history of illuminance, recommendations from different 
countries at different times are evaluated for different activities in offices (Mills and 
Borg, 1999). Observations and investigations are undertaken to identify fluctuation 
ranges that meet the occupants’ visual comfort and performance, which may 
contribute to the effectiveness of dimming controls on high productivity in the office. 
Currently, the Malaysian government is trying to refine assessment methods in 
daylighting conditions in order to retrofit existing government office buildings and 
achieve sustainable architecture building without compromising on visual comfort. 
The problem of daylighting and its potential in Malaysia is related to the adequacy of 
daylight in an interior space, which faces criticism when illuminance levels in 
existing offices in Malaysia do not meet the standards and recommendations. Due to 
this condition, a study on illuminance change in daylight conditions must be 
implemented in order to clarify the effect between daylight illuminance fluctuation 
and occupant density in the workplace.  
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The above description shows the obvious impact that lighting problems have 
in relation to visual comfort in an office space. It also reveals a need to improve 
recommendations on Malaysian Standard on Lighting Practice to provide an ideal 
design for office space without jeopardizing visual comfort for the occupants, as well 
as incorporating energy-saving strategies. This scenario can be improved through the 
stages of identifying the preferred illuminance level in daylight conditions, 
fluctuation based on occupant density of a room, and maximum occupancy density, 
which affects visual comfort. Subsequently, it is necessary to verify the acceptable 
range of daylight fluctuation based on the window to wall ratio, occupant density and 
distance in daylit office room. 
 
 
 
 
1.3 Research Questions 
 
 
1. What is the range of preferred daylight illuminance level for occupants in 
office buildings? 
2. What are the parameters influencing the fluctuation in illuminance in office 
buildings? 
3. Is the fluctuation of illuminance level affects visual performance and visual 
comfort? 
4. What is the maximum occupant density among the selected variables by using 
simulation? 
 
 
 
 
1.4 Research Aim and Objectives 
 
 
This study aims to recommend an acceptable range of daylighting 
fluctuations for office occupants’ visual comfort based on occupant density. To 
achieve this aim, the following objectives have been derived:- 
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1. To investigate the preferred illuminance level for office buildings in 
Malaysia. 
2. To determine the effect of the illuminance level and  visual performance due 
to occupancy density. 
3. To examine the optimum fluctuation discomfort based on occupancy density. 
4. To recommend the acceptable range of daylight fluctuations of different room 
configurations and occupant density. 
 
 
 
 
1.5  Research Gap 
 
 
Over the years, lighting level research has only focused on illuminance levels 
in artificial lighting environments, rather than on daylighting. The variables affecting 
daylight strategies indoors have been identified by several researchers, who consider 
the design criteria for windows, ceilings, workstation position, technology on skin 
façade, and shading. Brightness and illuminance is detected by the daylight 
availability through reflectance and transmittance from room furniture, office 
material, and layout settings (Ochoa et al., 2012; Rahmani et al., 2012: Kandar et al., 
2011; Lim et al., 2011; Freewan et al., 2009; Denan, 2004). Although many previous 
researchers have investigated indoor lighting and the characteristics of the 
architectural element, investigation of the factors that influence change in daylight 
illuminance needs to be conducted. The control system and window design of an 
office building will be more functional and practical when there is consideration of 
fluctuation in illumination in the workplace. It is believed that the estimation of lux 
level would fully benefit daylighting strategies and lighting conditions in the 
workplace. By knowing the occupancy’s preferred illuminance levels and ranges of 
illuminance levels when performing tasks, we can improve in designing an efficient 
typical office space in Malaysia. In order to determine the illuminance levels needed 
according to Malaysian Standard Lighting Practice, the estimation of lux level in 
occupied rooms needs to be identified. Previously, researchers have only 
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concentrated on occupancy studies with fire escape routes through occupancy load, 
and determining spatial layout with occupancy pattern. Determining the appropriate 
illuminance levels according to occupancy density has never been factored into room 
design. Consideration of the maximum number of people in the workplace is a 
potential strategy for reducing fluctuation in illuminance levels and maintaining the 
recommended illuminance level. 
 
It is necessary to investigate the reduction in illuminance levels, which can 
influence the illuminance range of visual discomfort. This situation changes the 
illuminance level, and also causes visual disruption. Araji (2008) assessed various 
lighting conditions alongside behavioral experiments, while Veitch et al. (2008) 
reviewed how human behavior contributes to higher tolerance, compared to the 
values indicated in guidelines and lighting standards or norms. The latest study only 
assesses occupants’ preferences and satisfaction towards changes in illuminance, but 
there has been no study examining the occurrence of fluctuation of illuminance level 
due to the occupant density. In this study, a more detailed occupant density 
parameter will be used to determine that fluctuation of illuminance level affect visual 
performance. 
 
The overview in Table 1.1 shows the trend of research which carried out from 
the 1980’s to the present period. In the 1980’s, preference and satisfaction in 
daylighting condition were investigated by Heerwagen and Orians (1986), Dubois 
(2001), Boubekri (1991), while in the 2000’s Boyce (2003), Aries (2005), Araji 
(2008), Wang (2009), Lee et al. (2013), studied the illuminance level in daylighting 
condition. From the beginning of 2000 to date, the issue of fluctuation in illuminance 
comes in to place which was studied by Lee, J.H. Yoon  et al. (2012). A few research 
works were carried out on room configuration and physical variables like window 
and distance which relate to the daylight penetration to indoors. (Ghisi, 2005; Aries, 
2010). The research on recommendation of lighting condition were carried out by 
Kandar et al. (2011) and Lim et al. (2011) which emphasized on daylighting, 
distance and WWR. The summary of previous research on daylighting, illuminance, 
fluctuation and visual comfort that are related to issue of present study is presented in 
Table 1.1. 
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Table 1.1: Past studies on lighting and illuminance level 
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Boyce, P. et 
al. (2003) 
 √ √ √        √   √ √  
Offices 
Gala Siu, 
A.D. et al. 
(2006) 
         √   √  √   
Open plan 
office 
(experiment) 
Kim, S.Y. et 
al. (2007)     √      √    √ √  
Common 
Spaces 
(experiment) 
Van Den 
Wymelenbe
rg, K. 
G.,(2012).  
     √     √ √   √   
Office 
(survey 
/questionnaire) 
Aries et al., 
(2010)  √ √ √        √   √ √  
Offices 
(survey 
/questionnaire) 
Kandar  et 
al., (2011) 
        √ √ √  √  √   
Offices 
(survey) 
Fontoynont, 
(2014) 
         √   √  √   
Office 
Lee, J.H. 
Yoon et al. 
(2013) 
 √ √ √   √ √    √   √ √  
Offices 
Ochoa, C.E 
et al. (2012) 
  √    √ √     √  √   
Offices 
Wang,        
N. (2009) 
 √  √  √       √  √   
Offices 
Ghisi, E et. 
al  (2005)       √ √     √  √   
Office 
Araji, M.T 
(2008) 
 √     √ √     √  √   
 
Al-Tamimi 
et al. (2009) 
      √        √  √ 
 
Fadzil and 
F.S.F.S.. 
(2004) 
      √        √   
 
Ahmed, 
A.Z. et al. 
(2007) 
         √     √   
Offices 
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Dubois, 
M.C. et al. 
(2001) 
      √      √  √   
Offices 
Lim, Y. W 
et. al. 
(2011) 
   √   √ √  √   √  √  √ 
Offices 
Boubekri, 
Hull and 
Boyer 
(1991) 
      √ √    √ √  √   
Offices 
Heerwagena
nd Orians 
(1986) 
 √     √      √  √   
 
My Study 
(2015) √ √ √     √ √ √   √  √ √ √ 
Office 
(experiment) 
 
 
1.6 Scope of Study and Limitation 
 
 
This study sets out to investigate illuminance change or fluctuation in 
illuminance levels in daylit office buildings and its relation to visual comfort in the 
office building. The acceptable illuminance level in daylighting condition and 
preferred illuminance level from the occupant in the workplace need to be identified 
in order to justify illuminance range in the task working area without jeopardizing 
visual comfort. This study integrates the issues and methods from previous 
researchers in order to evaluate valid samples and findings. The limitation of this 
study are only investigate the effect of fluctuation in illuminance levels in daylit 
indoor environments for office building. The investigation includes the variables of 
illuminance level in daylighting condition, windows to wall ratio which representing 
70% of the wall opening, occupant density, distance and two types of room layouts ; 
deep and narror layout (as these are related to Malaysian Standard 1525; 2014 
[recommended illuminance 300-400 lux] and the EPU standard). The focus is also 
only on quantity of illuminance level, work plane illuminance in office buildings, 
and assessing visual comfort in daylight conditions in Malaysia. The related 
variables that measure visual comfort and illuminance are based on window opening 
(WWR) 70, with typical room layout matching EPU standards and within the 
recommended illuminance level of Malaysian Standard 1525:2007. The study will 
not look at office arrangements, orientation of the room, control systems, control 
devices, color, glazing types, views, or privacy.  
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This research was also limited by experiments on visual test performance that 
only enhance the reading task in daylighting condition. Occupants spent about two 
hours in the selected office building. This research investigated the occupant density 
within distance, room distance, room layout, and window size. Daylight factor is also 
documented for existing empty room and occupied room. The development of 
techniques as part of the methodology which verify the calculation of occupant 
density in a room without jeopardize the quantity of illuminance level. 
 
 
 
 
1.7 Significance of the Study 
 
 
Most of the studies on visual comfort have been focusing on the glare and 
view. It is believed that determining the range of illuminance level would fully 
benefit daylighting strategies and lighting conditions in the workplace. By knowing 
the occupancy’s preferred illuminance levels and ranges of illuminance level during 
task performance, energy-saving in lighting design can be achieved. In order to meet 
illuminance level according to Malaysian Standard Lighting Practice 1525;2014, the 
estimation of lux level in occupied room needs to be identified. The outcome of the 
study is to enhance the important of occupant density in the workplace as this will 
influence the reduction of the fluctuation in illuminance levels and affect visual 
performance. Furthermore, the result of optimum illuminance range of visual 
discomfort will provide a strategy to reduce energy consumption and meeting the 
target of Malaysian Standard 1525. An ideal number of occupants in workplace 
without jeopardizing the illuminance level and visual comfort in a working 
environment will enhance a quality space in office building.. This study can also be 
used as a supplement to lighting practice recommendations, where estimation of 
lighting conditions in a typical office room may be determined during the 
preliminary design stage. 
 
 
 
 
12 
 
1.8 Thesis Structure  
 
 
This thesis is organized as follows: 
 
Chapter One: Introduction. This chapter is made up of discussion on the 
introduction to the study, a description to the problem, the objectives of the study, the 
scope covered, the significance of the findings, and the organization of the study. 
Besides that, the limitations of the research are also reviewed in this chapter. 
 
Chapter Two: Literature Review will briefly explain the theory that relates to this 
work, covering past research that has been done in relation to the study. The 
theoretical framework is discussed in this chapter to elaborate on and explain the 
related variables and parameters of the research. The benefit of daylighting is 
discussed in this chapter to elaborate on and explain the relationship of daylight in 
office buildings to workers and the environment, both physically and 
physiologically.  
 
Chapter Three: Methodology includes a complete account of the research 
methodology used in this study. This chapter is divided into two main sections. The 
first section reviews the parameters of preferred illuminance levels in daylight office 
buildings. The characters of the element that influence the daylight availability are 
discussed. The second section reviews the relationship between illuminance changes 
with visual comfort of office building occupants by applying a simulation using IES 
software. This chapter will also explain the survey and experimental set-up under the 
research strategy. Surveys is divided into two main sections. The first section 
presents the building environment for conducting a survey by using questionnaires. 
The second section reviews the survey on selected office buildings for conducting 
visual tests to achieve the objective of the research, which focuses on preferred 
illuminance range, fluctuation in illuminance and task performance within the range 
of preferred and acceptable illuminance level of the working environment. 
 
Chapter Four: Analysis and discussion 1 gives the results, analyses, and findings of 
all the objectives. This chapter gives results from survey and experiment 1 on the 
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ranges of preferred illuminance level, experiment 2 on fluctuation illuminance ranges 
based on user response analysis and visual test. The discussion will also presents a 
comprehensive study based on two selected office buildings to examine the optimum 
fluctuation discomfort based on occupancy density and compares the results of field 
measurement and computer simulation using IES<VE> Software. The findings from  
objective 3 will be used as a parameter for objective 4 which is using the computer 
simulation to examine the variables related to fluctuation based on occupanct density 
and recommend the acceptable range of daylight fluctuations. 
 
Chapter Five concludes the acceptable ranges of daylight fluctuations and the 
maximum occupant density in typical office buildings, which will influence the 
recommended illuminance level for office building in Malaysia. This will be used as 
a supplement in determining the lighting indicator for office buildings in Malaysia. 
Finally, this chapter also suggests future research to complement the findings. 
 
 
 
 
1.9 Conclusion 
This chapter presents briefly the introduction of the study, and the framework 
of the research. The next chapter will illustrate the definition of the related theories 
and its parameters. 
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Figure 1.1: Summary of thesis structure 
 
Part 1- Background study and 
theoretical framework 
Chapter 1 
Introduction 
Chapter 2 
Conceptual understanding 
of illuminance, occupant density, 
visual comfort and lighting 
recommendation. 
Chapter 3 
Research Methodology 
 
Part 3- Conclusion and Recommendation 
Part 2- Analysis And Synthesis 
Chapter 5 
Conclusion and recommendations 
Chapter 4 
 Findings and results on objective 1,2,3,4 
 Range on preferred illuminance level by occupants.  
 Evaluation of fluctuation in illuminance levels, occupant density, 
and ranges of visual discomfort which also acts as a supplement 
to lighting indicator.  
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